Introduction
Myelofibrosis (MF) is a hematopoietic stem cell disorder in the spectrum of myeloproliferative disorder that presents either as a primary disease or evolves secondarily from polycythemia vera (PV) or essential thrombocythemia (ET). MF is characterized by bone marrow fibrosis, cytopenias, abnormal cytokine expression, extramedullary hematopoiesis, systemic symptoms, anemia, splenomegaly and evolution to acute myeloid leukemia [1] . Besides medical therapies, the only curative option for patients with MF is allogeneic stem cell transplantation (ASCT) which is associated with high morbidity and mortality risks [2] .
At present, splenectomy is indicated for MF patients with therapy-limiting thrombocytopenia and anemia and those with splenomegaly no longer responsive to Janus kinase (JAK) inhibitor therapies and it remains a safe and effective therapy for those patients with a presplenectomy platelet count of ≥ 20 × 10 9 /L [3] .
Extramedullary hematopoiesis occurs if the bone marrow is no longer functional. It is a compensatory phenomen that results in the production of blood cell precursors outside the marrow in patients with thalessemia, myelofibrosis and in other anemic conditions.
Extramedullary hematopoiesis mimicking acute appendicitis and intestinal obstruction, rectal stenosis, gastric outlet obstruction and bladder outlet obstruction due to extramedullary hematopoiesis have been reported [4] [5] [6] .
We report a rare case of peritoneal carcinomatosis-like implants of extramedullary hematopoiesis found at splenectomy for MF.
Case presentation
In June 2016, a 53 year-old man was admitted to our department to perform a planned splenectomy in idiopathic MF prior to ASCT. The patient had a significant past medical history of dilated cardiomyopathy diagnosed in 2014 after a severe episode of dyspnea with a residual left ventricular ejection fraction of 27%. New York Heart Association (NYHA) score was 3. American Society of Anesthesiologists (ASA) score was 3-4. ET was diagnosed about 25 years ago, confirmed with a bone marrow biopsy and treated with oncocarbide for 5 years. ET quicky evolved into idiopathic myelofibrosis coexisting with anemia which required weekly red blood cell transfusions. a palpable spleen reaching the left iliac fossa and ascites. Declivous edemas were present as well. Laboratory tests revealed anemia (Hemoglobin: 9.8 g/dl); other routine exams including platelets, biochemical investigations and sierological viral markers were normal. Imaging evaluation including abdominal computerized tomography (CT) scan showed significant splenomegaly (diameters: 24 × 15 × 11 cm) and widespread and abundant ascites (Fig. 1) .
A doppler flowmetry showed a slightly ectasic portal vein with a normal flow rate; no signs of thrombosis were evident.
Ascites, referred as cardiogenic, was treated with cycles of Levosimendan and diuretics with an improving of the residual ejection fraction from 27 to 35-40%.
The surgical procedure was performed with a laparotomic approach through an upper midline incision. Abdominal exploration found 2500cc of ascites and whitish widespread peritoneal and omental nodulations of less than one centimeter of size (Fig. 2) . Splenomegaly had extended downwards to the left iliac fossa dislocating the pancreas. The splenic vein and artery were both coarsely ectasic. Ascites was withdrawn for a physical-chemical examination and the nodules sent for histological examination.
Since the appearance of the nodulations was similar to carcinomatosis nodules, a careful exploration of the entire peritoneal cavity was made which proved to be negative.
Splenectomy was performed after early splenic artery ligation to decrease the splenic volume as a first step of the procedure. After complete mobilization of the spleen with the aid of a radiofrequency device, the hilar vessels were divided with a vascular stapler, according to a technique elsewhere described [6] (Fig. 3) .
The operating time was 120 min and the estimated blood loss was 50 ml. The postoperative course was normal. The patient was discharged on third post-operative day in overall good conditions. Upon pathological examination, spleen and peritoneal nodulations were determined to be extramedullary hematopoiesis foci in the context of MF.
The physical-chemical examination of ascites showed the exudative nature of the peritoneal collection, confirming the reactive genesis of the same.
The patient is alive and in healthy condition 6 months after the operation and 4 months after ASCT.
Discussion
MF is a myeloproliferative neoplasm that presents either as a primary disease or evolves secondarily from PV or ET, like in our case. In fact, ET was diagnosed about 25 years ago and treated with oncocarbide for 5 years. After a few years it evolved into idiopathic myelofibrosis. In such a pathology, splenectomy remains an effective and safe therapy for those with continued spleen-related mechanical symptoms refractory to JAK 1 and 2 inhibitor and for patients with severe cytopenias precluding ruxolitinib use [2] .
In this case a severe anemia and a massive splenomegaly were present and the patient became transfusion dependent. Unfortunately, a treatment with JAK inhibitors reduced the splenic size but failed in relieving anemia. Therefore an indication to splenectomy was posed even if some concerns about the high operative risk due to cardiac comorbidities was present. In fact, the massive ascites showed at the preoperative CT scan had been interpreted as of cardiogenic origin. This hypothesis was supported by heart function tests, radiological and clinical findings such as moderate hepatomegaly and peripheral edema.
Ascites occurs in 2-10% of MF [8] .
The pathogenesis of ascites formation in MF is essentially twofold: one is due to implants of myeloproliferative foci on the peritoneum with exudative ascites formation, and the other is due to portal hypertension [9] . In this latter case it should be distinguished a hypertension due to splenic hyperflow caused by splenomegaly, from a prehepatic obstruction as in the case of portal thrombosis or an intrahepatic obstruction due to hematopoiesis foci located in the liver [8, 10] . In our case, no arguments in favor of a portal hypertension were present, since portal flow resulted in the normal range and no images related to varices or portal thrombosis were detected at CT scan. In addition, despite a mild hepatomegaly, hepatic enzymes were normal and therefore the hypothesis of intrahepatic localization of hematopoiesis foci was a remote possibility.
As indicated above, ascites can be reactive to extramedullary hematopoiesis outbreaks whose implants may be located on the parietal and visceral peritoneum and on the greater omentum. This occurrence is known but very rare [11] .
In literature, 2 forms of implants are described: a microscopic one, evident only at pathological examination, and a macroinfiltrative one. The latter gives rise to mostly singular implants that growing on visceral peritoneum can cause bowel stenosis or occlusion [4] .
At preoperative CT scan, only the latter form can be seen as a pseudo tumor whose differential diagnosis has to be made among peritoneal tuberculosis, visceral tumors and nodules of extramedullary hematopoiesis [5, 7, 11, 12, 13] .
In our case, no intra-abdominal nodules were reported at CT scan, although the presence of micro-infiltration could not be ruled out.
At laparotomy, the appearance of the peritoneal nodules alarmed us because of their similarity to carcinomatosis nodules as the spread of a primary tumor, however, not known. Though CT scan was negative for other tumoral lesions, we proceeded to a careful exploration of the entire peritoneal cavity which proved to be negative. The presence of such carcinomatosis-like nodules associated to MF was never been described to date. In the microinfiltrative form, diagnosis has always been made through cell research at paracentesis, by percutaneous biopsy or at autopsy. Only in one case of a macro-infiltrative form, the patient was operated on but the diagnosis was suspected preoperatively because of a stenosing mass in the colon.
Conclusions
In conclusion, our case was a rare case of extramedullary hematopoiesis in MF. No evidence of this finding was suspected preoperatively because serious patient's cardiac comorbidities have misled the correct pathogenesis of ascites. Facing a splenomegaly and massive ascites associated with MF, it must always be kept in mind all the pathogenetical hypotheses of ascites and thus the possible reactive genesis of implants of extramedullary hematopoiesis. Also among the macro-infiltrative forms of these implants there is also the possibility of a carcinomatosis-like shape, not known up to now.
The present work has been reported according to the SCARE criteria [14] .
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